BACKGROUND: In women with chronic anovulation, the choice of the FSH starting dose and the modality of subsequent dose adjustments are critical in controlling the risk of overstimulation. The aim of this prospective randomized study was to assess the efficacy and safety of a decremental FSH dose regimen applied once the leading follicle was 10-13 mm in diameter in women treated for WHO Group II anovulation according to a chronic low-dose (CLD; 75 IU FSH for 14 days with 37.5 IU increment) step-up protocol. METHODS: Two hundred and nine subfertile women were treated with recombinant human FSH (r-hFSH) (Gonal-f) for ovulation induction according to a CLD step-up regimen. When the leading follicle reached a diameter of 10-13 mm, 158 participants were randomized by means of a computer-generated list to receive either the same FSH dose required to achieve the threshold for follicular development (CLD regimen) or half of this FSH dose [sequential (SQ) regimen]. HCG was administered only if not more than three follicles ³16 mm in diameter were present and/or serum estradiol (E 2 ) values were <1200 pg/ml. The primary outcome measure was the number of follicles ³16 mm in size at the time of hCG administration. RESULTS: Clinical characteristics and ovarian parameters at the time of randomization were similar in the two groups. Both CLD and SQ protocols achieved similar follicular growth as regards the total number of follicles and medium-sized or mature follicles (³16 mm: 1.5 ± 0.9 versus 1.4 ± 0.7, respectively). Furthermore, serum E 2 levels were equivalent in the two groups at the time of hCG administration (441 ± 360 versus 425 ± 480 pg/ml for CLD and SQ protocols, respectively). The rate of mono-follicular development was identical as well as the percentage of patients who ovulated and achieved pregnancy. CONCLUSIONS: The results show that the CLD step-up regimen for FSH administration is efficacious and safe for promoting mono-follicular ovulation in women with WHO Group II anovulation. This study confirms that maintaining the same FSH starting dose for 14 days before increasing the dose in step-up regimen is critical to adequately control the risk of over-response. Strict application of CLD regimen should be recommended in women with WHO Group II anovulation.
Introduction
WHO Group II anovulation is a common cause of subfertility in women (Franks, 1995) . First-line therapy is usually clomiphene citrate. However, ∼20% of women are clomiphene citrate resistant and therefore require gonadotrophin administration to achieve follicle development. During ovulation induction in these women, the two major risks are the occurrence of ovarian hyperstimulation syndrome (OHSS) and the development of multiple pregnancies. This latter risk is specifically high in women whose chronic anovulation is the only cause of subfertility.
Therefore, in the past 15 years, two different protocols have been designed to reduce the adverse effects of ovarian stimulation: the so-called step-up (Kamrava et al., 1982; Buvat et al., 1989; Sagle et al., 1991; Shoham et al., 1991; White et al., 1996) and step-down protocols (Mizunuma et al., 1991; Fauser and Van Heusden, 1997) . Some studies comparing efficacy and safety of these two regimens for FSH administration were performed with a limited number of selected subjects and reported conflicting results (Mizunuma et al., 1991; Van Santbrink and Fauser, 1997; Andoh et al., 1998; Balasch et al., 2001) . More recently, a prospective multicentre study performed on many participants with polycystic ovary syndrome (PCOS) has shown that a step-up protocol is safer for routine clinical practice than the step-down regimen (Christin-Maitre et al., 2003) .
An alternative protocol combining the step-up and stepdown approaches was proposed by Hugues et al. (1996) . It consists of sequential (SQ) administration of FSH with an initial low-dose (LD) step-up regimen to achieve the threshold for follicular development, followed by a decremental dose regimen once the leading follicle reached 14 mm in diameter. This so-called SQ regimen proved to be effective in reducing the number of medium-sized follicles in PCOS women. This issue is critical because it has been established that the number of medium-sized follicles is positively correlated with the risk of multiple pregnancy (Homburg and Howles, 1999) .
Another major issue of the 'step' protocols is the duration of the initial dose administration as well as the regimen for FSH dose adjustments. Regarding the step-up protocols, some studies have shown that a chronic administration of LDs of FSH for 14 days, the so-called chronic LD (CLD) regimen, is safer than a protocol with FSH dose adjustment every 7 days, the so-called LD regimen (Hedon et al., 1998; Homburg and Howles, 1999) . Compiled data from clinical studies on the results of a LD step-up FSH protocol in clomiphene citrate-resistant women recorded a fecundity rate/cycle of 20%, uni-ovulation rate of 70%, severe OHSS 0.14% and multiple pregnancy rate of 5.7%. A strict adherence to a 14-day starting period using a standard 75 IU FSH dose seems to be critical for reducing the risk of over-response (more than three follicles ≥16 mm). This protocol was not applied in our previous study assessing the use of an SQ regimen (Hugues et al., 1996) in women with anovulation related to PCOS. In the former study, FSH was administered according to a 7-day LD regimen (75 IU/ day) (with a subsequent incremental FSH dose of 37.5 IU). Therefore, it remains uncertain whether a decremental dose regimen for FSH administration is only useful in women treated in a 7-day dosing regimen or whether it could also be recommended in women treated according to a strict CLD step-up regimen with FSH dose adjustment after 14 days.
Therefore, a prospective randomized study was set up in women with WHO Group II anovulation to assess whether a decremental dose regimen for FSH administration might be helpful in reducing further any over-response in women treated according to a CLD protocol.
Patients and methods

Patients
Two hundred and thirteen women with subfertility due to WHO Group II anovulation were asked to participate in this study. All women were seeking pregnancy.
The diagnosis of normogonadotrophic anovulation was made according to WHO classification (Rowe et al., 1993) . Study inclusion criteria were (i) oligomenorrhoea (bleeding interval between 35 days and 6 months) or regular cycles with anovulation attested by serum progesterone values <10 nmol/l in luteal phase, (ii) serum FSH levels within normal limits (<10 IU/l), (iii) normal prolactin and thyroidstimulating hormone levels, (iv) age 19-38 years and BMI (weight divided by height squared) ≤30 and (v) previous unsuccessful treatment with clomiphene citrate (100 mg/day for 5 days)-anovulation during at least three consecutive cycles or failure to conceive in six ovulatory clomiphene citrate cycles. None of them had experienced previous stimulation with FSH preparations.
A normal hysterosalpingogram or laparoscopy had to be carried out in the past 3 years before study enrolment. With regard to a possible male factor, the sperm count was considered abnormal if sperm concentration was <25 × 10 6 /ml, progressive motility measured at 1 h <40% and/or teratospermia >40%. Only women whose partner had normal sperm characteristics were enrolled in the study.
Other exclusion criteria were the presence of systemic or metabolic diseases, ovarian organic cyst or any addiction to drugs or alcohol.
Methods
Study design
The design was a prospective, randomized, multicentre study. Each principal investigator per centre received numbered sealed envelopes to be used in numerical order. The randomization list was randomly generated by computer. Randomization was stratified by blocks of six and was blind to the physician who performed ultrasound. Women agreeing to participate in the study were treated for only one cycle.
Recombinant human FSH (r-hFSH) (Gonal-f®, Serono International SA, Switzerland, 75 IU/vial) was administered subcutaneously starting on day 2-3 of a spontaneous cycle or after a withdrawal bleed induced by a short course of progestin. Serial vaginal ultrasound scanning and serum estradiol (E 2 ) measurements were performed every 2-3 days after the initial 7 days of FSH stimulation. The daily starting dose of FSH (75 IU) was maintained for up to 14 days according to the CLD regimen. If no dominant follicle (>9 mm maximum diameter) was present at day 14 of stimulation, the FSH dose was increased by 37.5 IU according to the step-up regimen. Any further increments were by 37.5 IU, at weekly intervals up to a maximum of 187.5 IU.
When the leading follicle reached a diameter of 10-13 mm, participants were randomized to receive either the same dose of FSH up to the time of hCG administration (CLD step-up protocol) or half of the current FSH dose required to reach this criteria (SQ protocol). Women were excluded from randomization if a leading follicle was >13 mm in diameter or if more than four follicles between 10 and 13 mm in diameter were observed on ultrasound.
In both protocols, a single dose of hCG (5000 IU) (Profasi, Serono International SA) was administered subcutaneously when one leading follicle reached a diameter of ≥16 mm. HCG administration was withheld if more than three follicles ≥16 mm in diameter were present and if serum E 2 level was ≥1200 pg/ml. In this study, luteal phase supplementation was not applied. Ovulation was assessed by measurement of serum progesterone levels 7-10 days after hCG administration.
The study was approved by the local ethic committees. Participants signed an informed consent form.
Outcome parameters
The primary end-point was the number of follicles ≥16 mm at the time of hCG administration. The secondary end-points were the proportion of cycles with mono-follicular development, the rate of multifollicular development, the duration of FSH stimulation, the total FSH consumption and the percentage of cycles with successful ovulation.
Sample size calculation
The main objective was to show the equivalence between both protocols using as primary efficacy end-point the number of mature follicles. In a previous study using recombinant FSH stimulation according to a CLD regimen in a similar population, the mean number of mature follicles on hCG day was 1.5 ± 0.8. Both protocols were to be declared clinically equivalent if the difference in the mean number of mature follicles on hCG day was shown to be within [-0.3; +0.3] . Equivalence was tested using a two-sided 90% confidence interval (CI) for the difference in the mean number of mature follicles between the two groups. To demonstrate this equivalence with a power of 95% and a type I error of 5%, 112 patients were required in each group.
Statistical analysis
Data were analysed using SAS software. For continuous variables, a two-way analysis of variance (ANOVA) with centre and treatment as factors was performed. For the categorical variables, c 2 tests or Fisher's test were used. Results are expressed as mean ± SD.
Results
Twenty-four centres from four different countries were selected for this clinical trial performed from the end of 1999
to the beginning of 2002. As shown in Figure 1 , 4 of 213 patients initially included in the clinical trial did not start the study for personal reasons. Therefore, 209 actually received r-hFSH. As they did not meet the criteria as regards the ovarian response to FSH, 51 women were not randomized. Twenty-six (51%) displayed an advanced follicular growth (foll ≥14 mm), another 15 (29%) presented with a low follicular growth or in one patient (2%) an excessive ovarian response to FSH. In nine (18%) women, randomization was not performed for personal reasons. Therefore, 158 participants were randomized to one of the two protocols (intention to treat population n = 158, CLD protocol n = 80; SQ protocol n = 78). In 44 women, deviations from the protocol regimens were observed with a similar proportion in each group: inadequate FSH starting doses (7), noncompliance as regards criteria for randomization (10), dose adjustment (12) or hCG administration (8). Therefore, the final analysis was performed in 114 women (per protocol population, CLD protocol n = 59; SQ protocol n = 55).
As summarized in Table I , the clinical characteristics of participants enrolled in this study were similar in both groups. Moreover, the ovarian parameters at the time of randomization assessed in women subsequently treated with CLD or SQ protocols were comparable as regards the duration of stimulation, the dose of r-hFSH and the number of medium-sized (10-13 mm) 
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follicles. Furthermore, the percentage of women who had actually achieved the threshold for follicular growth with the daily FSH dose of 75 IU was equivalent in both groups, and only a small proportion of women (<10%) required adjustment of the initial FSH starting dose. Table II displays the results and the outcomes of cycles in participants randomized to receive either the CLD or the SQ administration of FSH. It shows that women randomized in the SQ protocol achieved criteria for hCG administration after a non-significant longer duration of FSH administration. At the time of hCG administration, the numbers of large-or medium-sized follicles as well as the total number of follicles ≥10 mm were similar in both treatment groups. Moreover, the percentage of women who develop one, two or three large follicles ≥16 mm in diameter was not significantly different between groups. Finally, serum E 2 levels on the day of hCG administration were comparable in both groups. hCG was administered in 100% of women treated with CLD and SQ regimens. The ovulation rate was not significantly different between regimens as attested by a similar proportion of women with adequate serum progesterone values in the midluteal phase. At the end of treatment, the rates of clinical pregnancy and multiple pregnancy were not significantly different as well as the incidence of mild or moderate OHSS or miscarriage. Neither ectopic pregnancy nor severe OHSS was observed during the study.
Discussion
Induction of ovulation in women with WHO Group II anovulation has been associated with a high incidence of OHSS and multiple pregnancies (Sagle et al., 1991; Homburg et al., 1995) . Therefore, administration of LDs of FSH in a stepwise fashion (step-up, step-down protocol or a combination of stepup and step-down) has been suggested and proved to be effective to significantly reduce those risks (Homburg and Howles, 1999) . Therefore, the 'step' protocols are currently used to induce follicle development in clomiphene citrate-resistant women with WHO Group II anovulation. Although only a few studies have compared the efficacy and safety of step-up and step-down protocols within the same study (Mizunuma et al., 1991; Van Santbrink and Fauser, 1997; Andoh et al., 1998; Balasch et al., 2001) , a large multicentric randomized study has recently shown that the CLD regimen of recombinant FSH administration is as effective as , but safer than, the step-down regimen (Christin-Maitre et al., 2003) . The rate of monofollicular development was significantly higher, and the rate of multifollicular development was significantly lower with the 163.1 ± 5.5 163.4 ± 5.8 NS BMI (kg/m 2 ) 2 3 ± 3.5 23.1 ± 3.6 NS Duration of infertility (years) 3.23 ± 2.3 3.4 ± 2.7 NS Primary infertility (%) 71 71 NS Stimulation parameters at day of randomization Duration of treatment (days) 9.5 ± 6.5 10.7 ± 7.3 NS 75 IU threshold dose (%) 85 79 NS Total dose of r-hFSH (IU) 780 ± 657 894 ± 755 NS Number of follicles between 10 and 13 mm 2.3 ± 2.4
1.8 ± 1.1 NS Table II . Clinical results (mean ± SD) of chronic low dose (CLD) and sequential (SQ) administration of recombinant human FSH (r-hFSH)
ITT, intent to treat; NS, not significant; OHSS, ovarian hyperstimulation syndrome.
a For binary parameters, the 95% confidence interval was also presented.
ITT CLD protocol (n = 80) SQ protocol (n = 78) P Parameters between randomization and hCG Duration of treatment (days) 4.6 ± 3.5 5.6 ± 4.4 0.14 Amount of r-hFSH (IU) 394 ± 355 307 ± 303 0.1 Parameters at the time of hCG administration Duration of treatment (days) 14.1 ± 7.4 16.3 ± 8.5 0.09 Total amount of r-hFSH (IU) 1174 ± 818 1197 ± 934 0.87 Number of follicles ≥10 mm at hCG 2.9 ± 2.3 2.7 ± 2.4 0.94 Number of follicles between 10 and 13 mm at hCG 1.0 ± 1.5 0.9 ± 1.9 0.96 Number of follicles between 14 and 15 mm at hCG 0.4 ± 0.7 0.5 ± 0.8 0.59 Number of follicles ≥16 mm at hCG 1.5 ± 0.9 1.4 ± 0.7 0. step-up protocol as compared with the step-down regimen. Another reason for this finding is that in routine clinical practice, the step-down protocol is more difficult to manage. Several factors are known to be critical to promote a limited number of growing follicles in stimulation protocols, including the daily FSH starting dose and the regimen of FSH dose adjustment.
Determining the most appropriate starting dose is crucial to reduce the risk of overstimulation. These data show that, in non-obese women with WHO Group II anovulation, a starting daily dose of 75 IU is adequate to ensure selection of a limited number of follicles. Indeed, dose adjustment to achieve initiation of follicular growth was unnecessary in the vast majority (>90%) of participants. As previously reported by Imani et al. (2002) , several parameters such as BMI, cycle history, ovarian response to clomiphene citrate and basal serum FSH values are significantly correlated with the individual FSH response. Therefore, a strict adjustment of the FSH starting dose based on initial screening characteristics is required to improve the safety but also the convenience of LD regimens. As recently observed by Christin-Maitre et al. (2003) , using a lower daily starting dose of r-hFSH (50 IU), a dose adjustment was required in ∼50% of women, and as a consequence, the duration of stimulation was significantly extended. Therefore, the choice of an optimal FSH starting dose is essential to improve the acceptance of the CLD step-up protocols.
Another major issue of the step protocols is the FSH dose adjustment, which must take into account both the duration of the initial FSH dose and the dose increment or decrement. Regarding the step-up protocols, several studies have previously shown that a chronic administration of low FSH doses for 14 days according to the so-called CLD is safer than a regimen with FSH dose adjustment after 7 days (Hedon et al., 1998; Homburg and Howles, 1999) . Our data confirm that a strict adherence to a 14-day starting period using a persistent dose is effective, resulting in a low risk of overstimulation. In our series, ∼90% of women did not require a dose adjustment, and most of them recruited a low number of follicles. It is still unclear why extending the period of constant FSH administration for up to 14 days may be effective whilst no follicular growth occurs after the seventh day of stimulation. Some reasons have been proposed, such as the fluctuating levels of endogenous FSH production (Brown, 1978) , the long half-life of the FSH preparations (Le Cotonnec et al., 1994) and the upregulation of FSH receptors by FSH itself (Lapolt et al., 1992) .
As regards the dose adjustment, the CLD step-up protocol recommends the use of small incremental FSH doses if follicular selection is not observed after the initial 14-day administration. Conversely, a decremental dose regimen is required if the number of developing follicles is suboptimal (Hugues et al., 1996) . Our data show that if the number of medium-sized (10-13 mm) follicles emerging from the cohort is ≤3, reducing the FSH dose by half is not necessary because there is no actual risk of overstimulation (more than three follicles ≥16 mm). These results contrast with our previous report (Hugues et al., 1996) , where a decremental regimen proved to be effective in reducing the number of intermediate follicles at the time of hCG administration. However, in this earlier study, only women with PCOS were enrolled, and more importantly, the FSH dose adjustment was performed on day 7 of the stimulation. In that situation, a decremental dose regimen is recommended because FSH dose reduction leads to a decrease in the circulating FSH level and the number of medium-sized follicles (Schoot et al., 1992; Hugues et al., 1996) . Similarly, this concept of dose reduction may also account for the results observed in Balasch's study, where a coasting period was performed from day 3 to day 5 of the stimulation (Balasch et al., 2001) . Owing to the long half-life of FSH preparations, it seems prudent to follow a CLD protocol with small incremental doses, particularly in PCOS women who are highly sensitive to FSH. Therefore, in these women, a careful assessment of early follicular development is helpful to timely adjust the FSH dose.
In conclusion, our data provide new evidence that a strict application of a 14-day starting dose regimen seems to be critical for lowering the risk of overstimulation. During this interval, most women (>90%) will respond to a dose of 75 IU FSH. Even if this regimen taxes the patience of physicians, it seems the most appropriate to adequately control the number of developing follicles and therefore to reduce the risk of multiple pregnancy in women with WHO Group II anovulation. When this regimen is applied, reducing the FSH supply in the late part of FSH stimulation does not offer any clinical advantage.
